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^ (57) Abstract: The invention relates to a method of stabilizing a hydrophobin-containing solution. According to the present in- 
^ vemion. the hydrophobin is subjected to a treatment with a disulphide bridge-cleaving agent to yield unfolded hydrophobic said 
^ treatment involving the prevention of the formation of disulphide bridges from cleaved disulphide bridges. The invention also relates 
5^" to a method for coating a surface with a stabilized hydrophobin according to the present invention. 
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Method of stabilizing a hydrophobic containing solution and a 
method of coating a surface with a hydrophobin 

The present invention relates to a method of stabil- 
izing a hydrophobin-containing solution. 

Hydrophobin-containing solutions must be handled 
carefully, as even modest shaking may result in the assembly 
5 of the hydrophobin resulting in aggregates which affect the 

ability to coat a surface as well as the uniform coating of a 
surface to be coated with said hydrophobin. 

It is known that 100% trif luoroacetic acid (TPA) can 
be used to dissolve the aggregates. After removal of TFA by 
10 evaporation using a stream of gas the hydrophobin monomers 
obtained are taken up in water and used for coating. It has 
been found that this procedure can be repeated several times 
and that TFA has no adverse effects on hydrophobin. However 
TFA is not a compound to be used for environmental and safety 

15 reasons as well as cost. 

The object of the present invention is to reduce or 

eliminate the above disadvantages. 

To this end a method according to the preamble is 
provided characterized in that the hydrophobin is subjected 
20 to a treatment with a disulphide bridge-cleaving agent to 

yield unfolded hydrophobin, said treatment involving the pre- 
vention of the formation of disulphide bridges from cleaved 

disulphide bridges. 

It has been found that using the above method, it is 
25 easy to prevent a hydrophobin-containing solution from becom- 
ing turbid while, for example, transporting or handling the 
hydrophobin-containing solution. 

Hydrophobic are a well-defined class of proteins 
(ref 1) capable of self-assembly at a hydrophobic- 
30 hydrophilic interface, and having a conserved sequence 

x B -c-x,.,-c-c-x lx .„-c-x t .„-c-x 8 . 9 -c-c-x - . xi -c-x. 

X, of course, represents any amino acid, and n and m of 
course, independently represent an integer. In S^al, a 
hydrophobin has a length of up to 12 5 amino acids. The 
35 cysteine residues (C) in the conserved sequence are part 
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disulfide bridges. In the present invention, the term 
hydrophobin has a wider meaning to include functionally 
equivalent proteins, and encompasses a group of proteins 
comprising the sequence or parts thereof 
5 X n -C-X 1 , 50 -C-X 0 . s -C-X 1 . 100 -C-X 1 . 100 -C-X 1 . 50 -C-X 0 . 5 -C-X 1 . 50 -C-X m 

still displaying the characteristic of self-assembly at a 
hydrophobic -hydrophi lie interface resulting in a protein 
film. In accordance with the definition of the present inven- 
tion, self-assembly can be detected by adsorbing the protein 

10 to Teflon and use Circular Dichroism to establish the pres- 
ence of a secondary structure (in general a-helix) (ref . 2) . 
The formation of a film can easily be established by incubat- 
ing a Teflon sheet in the protein solution followed by at 
least three washes with water or buffer (ref. 3) . The protein 

15 film can be visualised by any method, such as labeling with a 
fluorescent compound or by the use of fluorescent antibodies, 
as is well established in the art. m and n may have values 
ranging from 0 to 2000. Included in the definition are 
fusion-proteins of a hydrophobin and another protein. 

2 0 According to a first embodiment, the treatment 

consists of a treatment with sulphite, resulting in a mod- 
ified hydrophobin carrying sulphite groups. 

This method, which can be performed as described by 
Chan (ref. 6), results in a stabilized modified hydrophobin.' 
25 According to a second embodiment, the treatment, 

comprises the use of a reducing agent as the disulphide 
bridge cleaving agent, resulting in the modified hydrophobin 
carrying free sul fhydryl- groups . 

Such sul fhydryl groups can be stabilized by one of 

3 0 several ways, for example using a sulfhydryl- protecting 

agent. Sul fhydryl -protecting agents, which are commercialy 
avialable, are agents capable of binding to the sulphur atom 
of a cystein residue, commonly by replacing the hydrogen atom 
of the sulfhydryl group. Accordingly, according to a pre- 
3 5 f erred embodiment, the prevention of the formation of 

disulphide bridges comprises reacting the reduced hydrophobin 
with a sul fhydryl -protecting agent yielding hydrophobin 
having sulfhydryl -protect ing groups. 

Preferably the sulfhydryl -protecting agent is a 
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protecting agent resulting in an ionic protecting group. 

While sulfhydryl -protecting agents in general and a 
sulfhydryl -protecting agent resulting in a bulky protecting 
group in particular are thought to be suitable for the pur- 
pose of protecting sulfhydryl groups resulting from the 
reduction of disulphide bridges, a sulf hydryl-protecting 
agent resulting in an ionic group (present after the 
sulfhydryl group is protected) is considered best. • 

According to a highly preferred embodiment, the 
sulfhydryl -protecting agent is chosen to allow for removal of 
the sulfhydryl -protecting groups to yield free sulfhydryl 
residues. 

The removal allows the stabilized hydrophobic con- 
taining solution to be used for coating a surface with previ- 
ously stabilized hydrophobic and may- result in a coating 
which is more similar to a coating with untreated 
hydrophobic with cystin residues being restored. 

According to a preferred embodiment, the prevention 
of the formation of disulphide bridges comprises exposing the 
reduced hydrophobin to an environment in which substantially 
no oxidizing agent is present. 

Absence of an oxidizing agent, including atmospheric 
or dissolved oxygen, helps to prevent the formation of 

disulphide bridges. 

According to a preferred embodiment the reduction is 
performed in the presence of an agent chosen from the group 
consisting of a) a surfactant; b) a chaotropic agent, such as 
urea . 

The use of such an agent, more in particular a pro- 
tein unfolding- enhancing agent, facilitates the reduction of 
disulphide bridges present in hydrophobin. 

Accordingly, the present invention relates to a 
method for coating a surface with a hydrophobin, character- 
ized in that a stabilized hydrophobin-containing solution 
according to the present invention is used, wherein the 
stabilized solution is contacted with a surface to be coated 
with the hydrophobin before the surface is contacted with an 
agent for the formation of disulphide bridges, and 
sulfhydryl -protecting residues, if present, are removed. 
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According to an alternative embodiment, the present 
invention relates to a method of coating a surface with a 
hydrophobic characterized in that a stabilized hydrophobin- 
containing solution according to the present invention is 
used, wherein in the absence of a gaseous phase i) 
sulfhydryl -protecting groups, if present, are removed and ii) 
the reduced hydrophobin is contacted with an agent in the 
liquid phase before, during or after contacting the reduced 
hydrophobin with the surface to be coated. 

Both these methods allow for the uniform coating of 
a surface without aggregates. Also, in both cases the agent 
is preferably an oxidizing agent. 

Surprisingly it has been found that the presence of 
sulfhydryl -protecting groups does not impede the coating of a 
surface with a hydrophobin carrying said groups. The 
sulfhydryl -protecting groups may be removed at any time 
before, during or after the coated surface is contacted with 
the oxidizing agent. 

The invention will now be illustrated with reference 
to the following example and the only figure which shows a 
Circular Dichroism spectrum of a modified hydrophobin 
adsorbed to a Teflon surface. 
PREPARATIONS 

A) Purification of hydrophobin SC3 

The hydrophobin SC3 was purified from the culture medium 
of strain 4-40 of Schizophyllum commune (CBS 340.81) as 
described (1, 4) . Before use, the freeze -dried SC3 was 
disassembled with pure TFA and dried in a stream of nitro- 
gen. The monomeric protein was then dissolved in the 
buffer specified under B) , C) and D) 
Bl) Carboxymethylation of SC3 with iodoacetic acid 

Reduction of SC3 and carboxymethylation of the free 
cysteine residues were performed essentially as described 
by Hollecker (5) . 1 mg of SC3 as obtained under A) was 
incubated for 30 minutes in 0.5 ml buffer containing 75 mM 
Tris/HCl pH 8.0, 5.4 M Guanidine Hydrochloride, 2 . 5 mM 
EDTA and 1 mM DTT at 37 °C. This was followed by adding 5 0 
/zl of 0.2 M iodoacetic acid (IAA) in 75 mM Tris pH 8.0 and 
incubating the mixture for 15 minutes at room temperature. 
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After reaction the sample was dialysed exhaustively 
against water and lyophilized, yielding IAA-SC3. 
Bl) Sulfytolysis of SC3 

Sulfytolysis results in reduction of disulfide bridges, 
with the concommitant formation of SO," groups, rendering 
the resulting protein derivative more soluble. The modifi- 
cation is a reversible modification. SC3 was sulfytolized 
essetially according Chan (ref. 6). In short, 2 mg SC3 was 
incubated overnight in 2 ml of a buffer (pH 8.4; 0.2 M 
sodium sulphite, 0.1 M Tris, 6 M guanidine hydrochloride, 
and 1 mM cystein) for 16 h at room temperature (RT) . The 
reaction mixture was desalted using a Pharmacia PD-10 
column. The reaction was checked using SDS-PAGE, which 
revealed a band at 28 kDa. After lyophilising, the result- 
ing S0 3 -SC3 was used in refolding experiments. 
C) Secondary structure measurements 

The secondary structure of the carboxymethylated SC3 was 
studied with circular dichroism spectroscopy (CD) . The CD- 
spectra were recorded over the wavelength region 190-250 
0 nm on an Aviv 62A DS CD spectrometer (Aviv Associates, 

Lakewood, New Jersey, USA), using a 1-mm quartz cuvette. 
The sample compartment was continuously flushed with N 2 gas 
and the temperature was kept constant at 25°C. 10 scans 
were averaged, using a bandwidth of 1 nm, a stepwidth of 1 
5 nm, and 1 sec averaging per point. The spectra were cor- 

rected using a reference solution without the protein. 
Typically a protein concentration of 10 [MM in 20 mM phos- 
phate pH 7.0 was used. To obtain spectra of the protein 
assembled on the water-air interface the solution was 
0 vigorously shaken for two minutes. For spectra of SC3 

bound to a hydrophobic support, 130 nm unstabilized 
colloidal Teflon spheres (Dupont de Nemours, Geneva, 
Switzerland) in water were added to the solution, follow- 
ing a known procedure (2) . 
5 5 D) Binding to Teflon 

The coating of Teflon (Norton Fluorplast B.V., 
Raamsdonksveer, The Netherlands) by "SC3 and IAA-SC3 was 
assessed essentially as described by Wosten et al . (3) . 
Thoroughly cleaned (ref. 3) Teflon sheets were incubated 
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for 16 hours in 20 fig/ml 35 S- labelled hydrophobin in water, 
followed by three washes with water for 10 minutes each. 
The amount of adsorbed 35 S- labelled protein was determined 
by scintillation counting before and after hot SDS extrac- 
5 tion (2%; pH 1,5) and subsequent washes with water. 

EXAMPLE 1 

Solutions were prepared of 2 00 /xg/ml SC3 and IAA- 
SC3, each in the buffer described under C) were shaken vigor- 
ously. Whereas a precipitate formed readily in case of SC3 , 
10 the solution containing IAA-SC3 remained clear. This indi- 
cates that the solution containing modified hydrophobin is 
effectively stabilized. 
EXAMPLE 2 

Upon addition of colloidal Teflon IAA-SC3 folded to 
15 the of -conformation, as observed- with CD (thick solid line in 
the figure) . SC3 adsorbed to colloidal Teflon also has the of- 
conformation (dotted line) . Although CD -measurements showed 
that IAA-SC3 was unfolded in solution (thin line; even after 
shaking) , the refolding of IAA-SC3 on Teflon shows the high 
20 propensity of stabilized hydrophobin to refold at such 
hydrophobic surfaces . 
EXAMPLE 3 

SC3 binds very strongly to Teflon. Even heating for 

10 minutes at 100°C in 2% SDS barely reduces the amount of 
25 hydrophobin adsorbed to a Teflon sheet. With IAA-SC3 the 

observed reduction in bound radioactivity was 16% versus 10% 

for SC3 . This indicates a strong binding of modified SC3 

under the test conditions. 

With atomic force-microscopy, a typical rodlet 
3 0 pattern is observed with a hydrophobin such as SC3 dried on a 

flat mica surface. This same pattern was observed with IAA- 

SC3 (data not shown) . 

EXAMPLE 4 

Example 1 was repeated with S0 3 -SC3 . The protein was 
3 5 soluble in water and did assemble or aggregate, even after 

shaking the solution. The CD spectrum was characteristic for 
unfolded protein (result not shown) . 
EXAMPLE 5 

Following the conditions of example 2, it was 
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observed that S0 3 -SC3 refolded at a Teflon surface, and CD 
showed the characteristic a-helical conformation (results not 
shown) . The refolding is thought to be beneficial for the 
formation of native disulphide bridges (cystin) . 
EXAMPLE 6 

" 50% of radioactively labelled S0 3 -SC3 bound to a 
Teflon surface remained bound after treatment with hot SDS at 
pH=7.0. At this pH, the sulphite groups of S0 3 -SC3 are nega- 
tively charged. As a control, under the same conditions IAA- 
SC3 remained bound for 20% at this pH (84% remained bound at 
pH = 1.5) . This difference in binding can be attributed to 
the reversible derivatization of the sulfhydryl groups in SC3 
and subsequent formation of disulfide bridges. That is, these 
results can be interpreted that at least part of the bound 
S0 3 -SC3 is refolded and some of the S0 3 --groups are removed, 
possibly by oxidation by oxygen present in the solution and 
resulting in the formation of disulphide bridges, resulting 
in a partial restoration of the original binding characters- 
tics . 
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CLAIMS 



1. Method of stabilizing a hydrophobin- containing 
solution, characterized in that the hydrophobin is subjected 
to a treatment with a disulphide bridge -cleaving agent to 
yield unfolded hydrophobin, said treatment involving the pre- 
vention of the formation of disulphide bridges from. cleaved 
disulphide bridges. 

2 . Method according to claim 1 , characterized in 
that the treatment consists of a treatment with sulphite, 
resulting in a modified hydrophobin carrying sulphite groups. 

3. Method according to claim 1, characterized in 
that the disulphide bridge cleaving agent is a reducing 
agent, resulting in the modified hydrophobin carrying free 
sul f hydryl -groups . 

4 . Method according to claim 3 , characterized in 
that the prevention of the formation of disulphide bridges 
comprises reacting the reduced hydrophobin with a sulf hydryl - 
protecting agent yielding hydrophobin having sul f hydryl - 
protecting groups. 

5. Method according to claim 4, characterized in 
that the sul f hydryl -protecting agent is a protecting agent 
resulting in an ionic protecting group. 

6. Method according to claim 4 or 5 , characterized 
in that the sulf hydryl-protecting agent is chosen to allow 
for removal of the sulf hydryl-protecting groups to yield free 
sulf hydryl residues. 

7. Method according to any of the preceding claims, 
characterized in that the prevention of the formation of 
disulphide bridges comprises exposing the reduced hydrophobin 
to an environment in which substantially no oxidizing agent 
is present. 

8. Method according to any of the preceding claims, 
characterized in that the treatment is performed in the 
presence of an agent chosen from the group consisting of a) a 
surfactant; and b) a chaotropic agent. 

9. Method for coating a surface with a hydrophobin, 
characterized in that a stabilized hydrophobin-containing 
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solution according to any of the claims 1 to 8 is used, 
wherein the stabilized solution is contacted with a surface 
to be coated with the hydrophobin before the surface is 
contacted with an agent for the formation of disulphide 
bridges, and sulfhydryl -protecting residues, if present, are 
removed . 

11. Method according to claim 10, characterized in 
that the agent is an oxydizing agent. 

12. Method of coating a surface with a hydrophobin, 
characterized in that a stabilized hydrophobin- containing 
solution according to any of the claims 1 to 8 is used, 
wherein in the absence of a gaseous phase i) sulfhydryl- pro- 
tecting groups, if present, are removed and ii) the reduced 
hydrophobin is contacted with an agent in the liquid phase 
before, during or after contacting the reduced hydrophobin 
with the surface to be coated. 

13. Method according to claim 12, characterized in 
that the agent is an oxydizing agent. 
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FIG. 



